ABSTRACT. The paper "The effects of possible contamination on the radiocarbon dates of the Dead Sea Scrolls I: castor oil" by Rasmussen et al. (2001) is discussed. Detailed analysis of the extant dates of the Dead Sea Scrolls suggests that the pretreatment of the samples was adequate. Errors and omissions in the paper are discussed and the implications of the experiment of Rasmussen et al. (2001) are questioned.
INTRODUCTION
In the paper "The Effect of Possible Contamination on the Radiocarbon Dating of Dead Sea Scrolls I: Castor Oil", Rasmussen et al. (2001) , state "that the two series of 14 C dating of the Dead Sea Scrolls that have been conducted up to the present (Bonani et al. 1992 and Jull et al. 1995 ) cannot be guaranteed to have removed all of the modern carbon in any samples if they had been contaminated with castor oil and hence could have produced some 14 C dates that were younger than the texts' true ages". Their conclusion is based on the results of an experiment in which they soaked a medieval parchment with castor oil (organic-modern) and with mineral oil (old-with no radiocarbon in it), applied a single step of AAA treatment and measured the ages and the δ 13 C of the untreated and treated parchments and of the oils that they used in their experiments.
I have four comments on the Rasmussen et al. (2001) paper and my conclusion is that their experiment does not cast doubt on the validity of the dates of the Dead Sea Scrolls. My comments relate to:
1. The extant dates of the Dead Sea Scrolls do not suggest a major deviation from their paleographic or specific ages. There is thus no indication that the pretreatment was inadequate. 2. The authors miscalculated the efficiency of their AAA treatment from the 14 C data. 3. They have not used the δ 13 C values of the samples in order to validate their 14 C calculations of the efficiency of the AAA procedure. 4. Their strategy of testing the validity of the dates of the Dead Sea Scrolls is wrong.
Evaluation of the Extant Dates of the Dead Sea Scrolls
It is important to note that the Dead Sea Scrolls were never soaked with castor oil: at most the oil had been applied superficially (Rasmussen et al. 2001) . In all cases the samples for dating were taken from the margins of each parchment/papyrus, where there was no writing and hence no intentional smearing with castor oil (Magen Broshi, personal communication 2002) . The radiocarbon experts were aware of a possible problem, took care to do just this in collecting the samples. Evaluating whether or not the AAA treatment of the Dead Sea Scrolls was adequate can be done by comparing 14 C dates of the scrolls with ages assigned to them using paleographic methods and with ages of explicitly dated scrolls. Indeed a significant part of the two dating projects was dedicated to such a comparison. Recently I have presented the extant dates of the Dead Sea Scrolls (Carmi 2000) and I reproduce here the data ( 
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I first examine the 18 samples that have not been treated ( * ), or most probably have not been treated ( # ) with castor oil. The younger age of (31 * ) was an outlier, and a reanalysis by duplicate preparation and measurement, (23 * ), deviates from the expected age by −2 σ. Two dates are older than the expected age: (12 * ) by <0.5 σ and (33 * ) by about 1 σ. These deviations are reasonable by presentday 14 C standards and there is no indication of contamination of the scrolls by castor oil because the ages came out older than expected.
Of the 16 samples that might have been treated with castor oil, the calibrated ages of 13 agree with the expected ages. One date (2 ! ), verified by quadruplicate preparation and measurement, was too a Scrolls not treated with castor oil are marked with (*), scrolls most probably not treated with castor oil are marked with (#), scrolls possibly treated with castor oil are marked with (!). b T is the Tucson AMS lab, Z is the Zürich AMS lab c Calibrated with OXCAL version 3.3 d In cases that there is more then one possible calendar age the probability of each age is given. If the difference between the ranges is less than 1σ the two possibilities are lumped together. In some cases only the age with the highest probability is given.
old-this surely cannot be due to castor oil contamination. A second one (24 ! ) was younger than expected, by 2.5 σ. This deviation is acceptable, but not desirable, by current standards of 14 C dating. By contrast, the remnant contamination in Rasmussen's et al. (2001) experiment deviates from the true age of their scroll by 6.6 σ and 20 σ, respectively, for castor oil and mineral oil. For the extant dates of the Dead Sea Scrolls (excluding (2 ! ) and (31 * )) the statistical nature of 14 C dating suggests that four deviations in a sample of 32 dates are very reasonable as well as expected.
Recalculation of the Efficiency of the AAA Pretreatment from the 14 a Data
Rasmussen et al. (2001) used the following formula for their calculations of the percent of retained oil in their experiment:
PCT is the percent of retained oil in the sample and X is a concentration unit ( 14 a, δ 13 C etc.). X AAA is the sample after the AAA treatment, X us is the un-treated parchment, X oil is the castor oil or mineral oil in which the parchment was soaked.
For no retention, or perfect cleaning, one must have PCT=0 i.e. X AAA =X us . However, if the retention of the oil is 100%, i.e. a totally inefficient cleaning procedure, it is necessary to have (X AAA -X us )=(X oil -X us ) which is possible only if X oil =X AAA . This is incorrect because this implies that the parchment had been completely consumed in the AAA treatment and only the oil was retained. The comparison must rather be between parchments-the oil-soaked and AAA samples, and not between the oil and AAA samples. Thus, the condition for 100% retention of oil must be X AAA =X sk (X sk is the concentration of the sample soaked with oil).
The correct formula for the Rasmussen et al. (2001) calculations should be PCT = (X AAA −X us )/(X sk -X us ) × 100
Rasmussen et al. (2001) did not report measurements of X sk . In fact, they could not measure it in their experiment because they had subjected all their parchment samples to AAA treatment and X sk is the concentration of the untreated oil-soaked parchment. This is a shortcoming in their strategy of the experiment. However, it is possible to reconstruct X sk from the values of X us and X oil which are given by the authors, using the mass balance m us × X us + m oil × X oil = m sk × X sk (3) where m us is the mass of the original scroll, m oil (=m sk −m us ) is the mass of the absorbed oil and m sk is the mass of the soaked parchment. The data are from Tables 1 and 2 in the Rasmussen et al. (2001) paper. Table 2 compares the result of my calculations of the percent of oil retention, with the calculations of Rasmussen et al. (2001) . Table 2 Comparison between two estimates of AAA efficiency from the 14 C data, in retained % oil. Saturation percent is from 
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The new results differ from those of Rasmussen et al. (2001) and suggest a lower efficiency (higher retention) in the AAA procedure. This retention means that some 27% of the mass of the oil in the soaked-parchment samples is present in the AAA samples. Such a quantity of oil, if present in the Dead Sea Scrolls, would make their ages several hundred years younger than their archaeological context.
Calculating the Efficiency of AAA Pretreatment from the δ 13 C Data
Rasmussen et al. (2001) say "it is not safe to calculate the amount of oil left in the sample from the measured δ 13 C values because it is uncertain precisely how the stable carbon isotope of the oil are fractionated by the cleaning procedure…". The same fractionation would have affected also the radiocarbon measurements. I used the 13 C data in Rasmussen et al. (2001) to estimate the efficiency of their AAA procedure on their samples. The results (Table 3) are quite similar to those of the 14 C calculation, but diverge significantly from the results of Rasmussen et al. (2001) . From my calculations it is clear that the AAA treatment removed less than 50% of the castor oil and old oil from the soaked parchments.
CONCLUSIONS
1. The extant corpus of dates of the Dead Sea Scrolls is robust and does not indicate a problem with castor oil contamination. 2. The experiment of Rasmussen et al. (2001) has no relevance to the extant dates of the Dead Sea Scrolls.
Finally, a word of caution: The radiocarbon discipline has reached a state in which the pretreatment of samples is the limiting factor with respect to accuracy and precision. This pretreatment is no easy matter and a continuous search for better and more efficient cleaning procedures for parchments and other materials is appropriate.
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